Samples were taken from blood accumulated in dental alveoli after surgical removal of mandibular third molars, from subgingival plaque of teeth with advanced periodontal destructions, from teeth with infected necrotic pulps, and from subjects suffering from angular cheilitis. Of the microorganisms subcultured from these samples, 116 strains were assayed for enzymes degrading fibrinogen and fibrin. Enzymes degrading fibrinogen were assayed with the thin-layer enzyme assay cultivation technique. This assay involves the cultivation of microorganisms on culture agars applied over fibrinogen-coated polystyrene surfaces. Enzymes degrading fibrin were assayed with both a plate assay and a tube assay, in which fibrin was mixed with a microbial culture medium. Microorganisms degrading fibrinogen or fibrin or both were isolated from all sampling sites. Activity was mainly detected in strains of Actinomyces, Bacteroides, Fusobacterium, Peptococcus, Propionibacterium, and Staphylococcus aureus. Most Fusobacterium strains degraded fibrinogen only. Enzymes degrading fibrinogen as well as enzymes degrading fibrin via activation of plasminogen were revealed in strains of Clostridium, S. aureus, and Streptococcus pyogenes. It was generally found that fibrinogen was degraded by more strains than was fibrin, which indicates that different proteases may be involved.
The deposition of fibrin in wounds protects the surrounding tissues from invasion by microorganisms. Fibrinogen, the precursor of fibrin, has also been considered to be of importance in the defense system against microorganisms, since high levels of fibrinogen in blood are often found in patients with infectious diseases (3) . It is known that split products of fibrinogen may impede the polymerization of fibrin and increase the tendency to bleed (3) . Furthermore, the net of fibrin formed in the presence of such fragments seems to be weaker (1) . Thus, a production of fibrinogen-and fibrin-degrading enzymes by microorganisms should be of significance for their virulence.
Degradation of fibrin by microorganisms of oral origin has been studied in several investigations. Strains of Staphylococcus aureus and of ,B-hemolytic streptococci with fibrinolytic activity were isolated in samples from the nose and throat of patients with epistaxis (29) . Fibrinolytic activity in strains of Bacteroides asaccharolyticus (now classified as B. gingivalis [10] ) and Treponema denticola, both associated with periodontal diseases and with acute necrotizing ulcerative gingivitis, has also been demonstrated (27) . On the other hand, no fibrinolytic activity could be found in microorganisms isolated from dental fibrinolytic alveolitis ("dry socket") (2) or from saliva collected from patients with increased fibrinolytic activity in mixed saliva (22) .
However, there is still a lack of information as to production of fibrinogen-degrading enzymes by oral microorganisms. Another important question is whether microbial fibrinogen-degrading capacity is necessarily concurrent with a fibrin-degrading capacity. These are the questions which have been addressed in this study.
MATERIALS AND METHODS
Sampling and isolation of bacteria. None of the patients were subjected to antimicrobial treatment before sampling.
Dental alveolar blood. In connection with surgical removal of mandibular third molars, samples of the blood which accumulated in the dental alveoli were collected immediately before suturing. Surgical procedures were carried out according to routine methods, including a final rinsing of the alveolus with 60 ml of a O.9o NaCl solution. The ambient atmosphere over the dental alveoli was displaced with oxygen-free C02, and precautions were taken to avoid contamination during the sampling procedure. The blood sample, about 0.1 ml, was aspirated through a sterile Teflon tube attached to a syringe. The sample was transferred to a transport medium, VMGA III (i.e., VMG III [26] anaerobically prepared and stored), and brought to the laboratory within 1 h.
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All handling of the sample was performed in an anaerobic glove box (85% N2, 10% H2, 5% C02). The sample bottle was shaken for 20 s in a whirling mixer. A 0.1-ml volume of the transport medium was spread on a prereduced horse blood agar plate, and 1 ml was inoculated in a tube with culture medium HCMGASula (i.e., HCMG-SuIa [26] anaerobically prepared and stored). HCMG medium is an egg white-containing meat-peptone mixture with 1% (wt/vol) glucose, 3% (wt/vol) yeast extract, 0.3% (wt/vol) cysteine HCI, and 2% (wt/vol) agar added. Sula is a supplement consisting of liver extract, yeast autolysate, inactivated horse serum, and a piece of raw potato. Both are described in detail by Moller (26) . The media were incubated at 36°C in a special compartment of the glove box for at least 16 days. In addition, 0.1 ml of the transport medium was inoculated on a horse blood agar plate and incubated at 36°C under aerobic conditions for 3 to 4 days. If growth in the tubes was found, the tubes were shaken in a whirling mixer, and 0.2 ml of the tube contents was inoculated on blood agar plates and incubated in aerobic and anaerobic conditions as described above. Colonies and cells with different morphologies, Gram stains, and oxygen sensitivities were subcultured. Fifty-four strains were isolated from five subjects and tested for fibrinogenolytic activity. Only strains degrading fibrinogen were further examined for fibrinolytic activity.
Deep periodontal pockets. Human subgingival plaque was obtained from teeth not previously subjected to periodontal treatment and with pocket depths exceeding 6 mm. An acrylic chamber was applied over the actual teeth (12) and tightly adapted to mucosa and teeth with impression material. The chamber was filled with oxygen-free carbon dioxide and covered with plastic foil. The subgingival plaque sample was taken with a curette and transferred to transport medium VMGA I (i.e., VMG I [26] anaerobically prepared and stored) kept in a vial inside the acrylic chamber. The sample (delivered to the laboratory within 1 h) was dispersed, diluted, and incubated, as previously described (12), on horse blood agar plates and brucella agar (no. 11086 BBL; Microbiology Systems, Cockeysville, Md.) plates enriched with 5% (vol/vol) defibrinated horse blood, 0.5% (vol/vol) hemolyzed horse blood, 5 jig of menadione per ml prepared according to the Virginia Polytechnic Institute manual (17) , and 2% (vol/vol) potato juice (26) anaerobically prepared. Bacteria that occurred in a frequency of 5% or more of the total CFU count were subcultured for further characterization and identification. The predominating strains isolated from pockets offour teeth from each of two subjects were tested for fibrinogenolytic and fibrinolytic, activity.
Necrotic dental pulp. Sampling procedures and laboratory handling of the samples from root canals of necrotic teeth were carried out with principles outlined by Moller (26) . The vitality of the teeth was lost due to trauma, and the pulps had not been exposed to the oral cavity before sampling. Further details of the clinical material have been described previously (11) . After preparation and sterility control of the operation field, the pulp chamber was opened with sterile burrs. After mechanical debridement of the canal walls with Hedstrom files, samples were taken with charcoal-impregnated paper points. Special precautions were taken to reach the apical region of the root canal (26 71, 1982) and further information will be given in a separate publication (S.-C. Ohman and G. Dahldn, manuscript in preparation). The samples were taken before any treatment of the disease had been initiated. The sampling from angulus was performed by use of a sharp carver that was scraped with firm pressure over the actual lesion. The samples were transferred to transport medium VMGA III. At the laboratory they were dispersed and inoculated (13) onto horse blood agar plates, prereduced horse blood agar plates to which menadione and hemolyzed blood had been added (17) , staphylococcus agar (no. 0297; Difco Laboratories, Detroit, Mich.) plates, gentian violet plates (9), and Sabouraud-glucose agar (Difco 0109) plates with tetrazolium chloride. The microorganisms were identified and semiquantified according to a method previously described (13) . One or two of the most predominant strains (except for a-streptococci) were selected for the present study. Samples were also taken as scrapings from the nose and, in cases of denture wearers, also from the palate. In these samples special attention was given to the presence of S. aureus, Streptococcus pyogenes, and fungi, which were also selected for the present study.
Identification of microorganisms. Identification of anaerobes to species was made according to the Virginia Polytechnic Institute anaerobe manual (17) by biochemical tests and by gas chromatographic analyses of metabolic end products. The gas chromatograph (The Perkin-Elmer Corp., Norwalk, Conn.; Sigma 2B) was mounted with a flame ionization detector. Column packing was 5% free fatty phase on Chromosorb G-AW-DMCS, 80/100 mesh. The carrier gas was N2. The injection port and detector temperature was 150°C, and the oven temperature was 120°C. Facultatively anaerobic strains were identified according to Bergey's Manual (6 (29) . The mean values of the diameters of the enzyme-affected areas are given.
b Standard deviation ranged between 0.0 and 0.3. The correlation coefficients between the diameters of the enzyme-affected areas and the logarithmic value of enzyme concentrations were 0.99. medium was then removed. Fibrinogenolytic activity of the microorganisms was detected in the form of reduced wettability of the fibrinogen-coated surfaces after condensation of water vapor on the surface.
(ii) Fibrinolytic activity. Both direct fibrinolytic activity and activity via activation of plasminogen (indirect activity) of the microorganisms were tested. For screening of direct activity the plasminogen content of the fibrinogen, used for preparation of the fibrin, was removed by affinity chromatography on lysine-Sepharose 4B (Pharmacia Fine Chemicals, Uppsala, Sweden). The gel was washed and packed in the column as described by Deutsch and Mertz (14) , and the separation procedure was performed as outlined by Noren et al. (28) (16) .
for the fibrin clot tube assay. The fibrin clot tubes intended for anaerobic microorganisms were prepared in anaerobic conditions in a glove box. Degradation of fibrin was detected by a liquefaction of the clot.
Both the plates and the tubes were examined daily for 1 week for lysis of the fibrin when incubated with aerobic strains and once weekly for 3 weeks when incubated with anaerobic strains. Indirect enzymatic activity on fibrin could not be detected if the strains also produced enzymes with direct activity on fibrin.
Sensitivity of the assays. The sensitivity of the assays was tested with trypsin (3.5 U/mg; no. 25479, Merck) which was serially diluted ( The tests of the fibrin plate assay were performed as described by Noren et al. (28) except that 2% (wt/vol) Bacto-Agar in 28.5 mM universal buffer, pH 7.8, was used instead of agarose. Both plasminogen-free fibrin plates and fibrin plates to which plasminogen had been added were tested.
The fibrin clot tube assay was tested by incubation characteristics of pigmented of a 1-ml fibrin clot with 0.05 ml of trypsin solution. The clots were prepared as described by Jeffries and Buckley (18) except that 9 mM universal buffer, pH 7.8, was used instead of a culture medium.
RESULTS
The plate assays, the TEA for detection of fibrinogenolytic activity, and the fibrin plate assay (both with and without plasminogen) showed equal sensitivity to trypsin ( Table 1) . The fibrin clot tube assay was slightly less sensitive to trypsin than the fibrin plate assay (Table 1) .
In all, 116 microbial strains were examined. Fibrinogenolytic or fibrinolytic activity or both was detected in 15 of 54 bacterial strains isolated from dental alveolar blood ( -DISCUSSION In the present study it was possible to demonstrate a production of enzymes degrading fibrinogen as well as fibrin by microorganisms isolat---+ ed from blood accumulated in dental alveoli after surgical removal of mandibular third mo----lars, from subgingival plaque of teeth with advanced periodontal destructions, from teeth with infected necrotic pulps, and from patients with angular cheilitis. Although most strains degraded both fibrinogen and fibrin, there were also several strains which degraded only one or ilasminogen-contain-the other.
It has been shown that microorganisms produce fibrinolytic enzymes belonging to the serine and the thiol as well as the metallo groups of proteases (18) . By using fibrinogen and fibrin as is, 21 also exhibit-enzyme substrates, as was done in this study, tivity (Table 6 ). In proteases of all of these groups should be possifly detected with ble to detect. t, and 6). Thus, a
The method used for detection of fibrinogenoof the microorga-lytic activity, the TEA, provides a sensitive and rrent with a fibrin-simple method for determination of proteolytic activity (33) (34) (35) . Data available about adsorption as mainly noticed of fibrinogen to hydrophobic surfaces (e.g., a iera Actinomyces, polystyrene surface) indicate that fibrinogen is Peptococcus, Pro-adsorbed in a monomolecular layer and that the coccus (Table 6 ). molecules retain a native conformation (4; P. A. Netherlands, 1976) . The adsorbed fibrinogen also retains its predicted sensitivity to degradation by trypsin and pronase (pronase P from Streptomyces griseus) (33, 35) . Thus, TEA seems to be well suited for studies of fibrinogenolytic activity. It should be mentioned, however, that the fibrinogenolytic activity detected with TEA is probably a direct activity on fibrinogen. No effect of streptokinase (which acts via activation of plasminogen) could be detected on fibrinogen-coated polystyrene surfaces (data not shown).
For detection of fibrinolytic activity a fibrin agar plate assay, performed essentially as described by Noren et al. (28) , and a fibrin clot tube assay (18) were used.
In previous fibrin agar plate assays the fibrin plates have been heated to destroy their plasminogen content (20) . This was performed to make it possible to discriminate between direct and activator activity via plasminogen (indirect activity) on fibrin. However, heating may cause an altered reactivity of the fibrin (30) . This step is not necessary in the assay elaborated by Noren et al. (28) , because the fibrinogen used for preparation of the fibrin plates is purified from plasminogen by affinity chromatography. For determination of indirect activity on fibrin a constant amount of plasminogen is added to the fibrinogen before preparation of the plates. For this reason the fibrin used throughout the present study was prepared as described by Noren et al. (28) .
It is well known that cultivation conditions may influence microbial enzyme production (8) .
To be able to exclude the culture medium as a factor responsible for divergent results, the same medium was used in all assays done here. HCMG medium (26) was chosen to fit the requirements of the fibrin plate assay of a nonpigmented diffusion agar and to be suitable for cultivation of the fastidious microorganisms to be examined.
With the techniques used, it was possible for the enzymes produced by the microorganisms during growth to act directly on the enzyme substrates. This endows the assays with a high Thus, microbial production of proteolytic enzymes degrading only one of the proteins cannot be excluded.
Six of the seven Fusobacterium strains tested for both fibrinogenolytic and fibrinolytic activity degraded fibrinogen only. One strain degraded fibrin only. Three of the 13 Bacteroides strains tested for fibrinogenolytic and fibrinolytic activity degraded both, and 1 strain degraded fibrin only. This is in agreement with the results obtained by Nitzan et al. (27) , who used fibrin as the enzyme substrate. These investigators tested 10 strains of Fusobacterium without reporting any positive strain and 20 strains of Bacteroides, of which 6 strains showed direct activity on fibrin. The fibrinolytic Bacteroides strains in the study of Nitzan et al. (27) were all B. melaninogenicus subsp. asaccharolyticus, now classified as B. asaccharolyticus (13) . Proteolytic enzyme activity has beeq shown to be a reliable characteristic of B. gingivalis (oral strains of blackpigmented asaccharolytic Bacteroides) (21, 25) . Thus, three of the four black-pigmented Bacteroides strains, which were not identified to species in the present study (Table 6) , could be strains of B. gingivalis due to their proteolytic activity. The fourth strain that also showed a proteolytic activity could not be classified as B. gingivalis due to saccharolytic activity. The exact classification of this strain was, however, uncertain. The indirect activity on fibrin of S. aureus, Clostridium species, and beta-hemolytic streptococci is well documented (7). In the present study strains of these species also revealed fibrinogenolytic activity.
In some cases the two assays used for detection of fibrinolytic activity gave divergent results. This may be due to the fibrin plate assay being slightly more sensitive than the fibrin clot tube assay. However, it may also be due to different abilities of the microorganisms to grow and to produce enzymes on an agar surface (plate assay) and in an agar gel (tube assay).
Judging from the results obtained in the present study, the fibrin plate assay seems to be the method of choice for screening fibrinolytic activity. In our experience, the main advantages of the tube assay are the easy detection of fibrinolytic activity and the small amount of fibrin required. The microbial species isolated and assayed for fibrinogenolytic and fibrinolytic activity in the present study have been found in the same locations by others. MacGregor and Hart (23, 24) reported a predominance of Fusobacterium and Bacteroides strains among the anaerobic microorganisms in dental alveolar blood collected after tooth extractions. In addition, they isolated strains of Actinomyces species. Several strains of these species were isolated from den-VOL. 17, 1983 on January 19, 2018 by guest http://jcm.asm.org/ Downloaded from 766 WIKSTROM, DAHLEN, AND LINDE tal alveolar blood also in the present study (Table 2) . Microorganisms of Fusobacterium, Bacteroides, Actinomyces, and Clostridium species are all found in increased numbers in periodontitis (31, 32) . In the present study also, these constituted the main group of microorganisms found in subgingival plaque of teeth with advanced periodontal destructions ( Table 3) . The frequent occurrence of Fusobacterium and Bacteroides strains in samples from teeth with necrotic pulps (Table 4) 
